Non-invasive imaging of carcinogen-induced early neoplasia using ultrahigh-resolution optical coherence tomography.
Improved diagnostics capable of non-invasive detection of early stage carcinogenesis would benefit basic research, and potentially aid in clinical cancer diagnosis and management. The two-stage carcinogenesis protocol is widely used for studying the multi-stage nature of tumor development in mice and provides insight into tumor development in other animal models and humans. The objective of this study was to investigate the feasibility of non-invasive optical coherence tomography (OCT) for in vivo imaging of microanatomical changes in the epidermis and dermis during early carcinogenesis using a mouse skin model. 10 NIH mice were treated with DMBA and TPA following the well-established two-stage carcinogenesis protocol. OCT imaging of treated skin from live mice was performed at five time points (Week 4-8) after tumor initiation to reveal the structural changes in the epidermis and dermis associated with the earliest, premalignant stages of tumor development. OCT images were compared with histology findings. In addition, OCT signals were quantitatively analyzed to evaluate tissue optical property changes during early carcinogenesis. Early structural changes in the epidermis, dermis and hair follicles during carcinogenesis were clearly delineated in vivo using OCT. OCT images correlated well with histological findings. Quantitative OCT signal analysis revealed a statistically significant change in the extinction coefficient for untreated (40.5 +/- 17.0 mm(-1)) and treated (9.6 +/- 3.6 mm(-1)) mouse epidermis (P < 0.005). The dermis extinction coefficient for the treated mouse skin (3.7 +/- 0.9 mm(-1)) was lower than the untreated one (4.7 +/- 1.6 mm(-1)), but was not statistically significant (P > 0.10). Furthermore, the papilloma extinction coefficient (2.9 +/- 0.3 mm(-1)) was significantly lower than the extinction coefficient for the treated epidermis (P < 0.005) and dermis (P < 0.01). OCT is a viable tool for assessing the earliest stages of carcinogenesis and has potential for early detection of neoplasia in skin, as well as in epithelial linings of other organs.